INTRODUCTION
Local anaesthesia is used most widely for delivering dental care 1 and although anaesthesia is necessary for a painless dental procedure, patients sometimes fi nd the needle puncturing the mucosa or the delivery of local anaesthetic solutions to be painful or uncomfortable. 2 Fear and anxiety associated with local anaesthesia injection can be a major impediment to dental care because it frequently causes patients to delay or even avoid treatment. 3 To minimise the pain on injection, the use of topical anaesthesia, low-pressure injection, 4 narrow sharp needles, 5 a slow injection rate 6 and solutions that are warmed 7 and buffered 8 have been suggested. Nevertheless, a totally painless injection is impossible to achieve under all circumstances. A computerised injection device (the Wand) was developed as an alternative to the conventional syringe to alleviate pain and anxiety during intraoral injections. According to the manufacturer, the device is a computer-controlled system that maintains constant pressure and volume ratios, delivering local anaesthetic solutions at a constant rate regardless of tissue resistance. It is claimed that when advanced slowly, the drops of solution anaesthetise the tissue ahead of the needle, thereby resulting in a virtually painless needle insertion. In addition, the rate and aspiration cycle are both activated using a foot control. 9 It is claimed that new computerised injection devices reduce pain and discomfort during intraoral injections. An earlier study found that dentists were very satisfi ed with the effectiveness and performance of a prototype computer-controlled dental local anaesthetic system and patients were satisfi ed with both the level of comfort with anaesthetic delivery and the effectiveness of the anaesthesia itself.
10 Some studies showed a reduction in the pain of injection when using the Wand compared to conventional injection. 11, 12 However, another study showed no advantages of using a computerised injection unit and that conventional methods of anaesthetic delivery, when well performed, were superior. 13 The differences between these results may be related to several factors, such as the patients' anxiety levels, injection technique, and tactile skill in syringe injections.
11 Low-pressure, slow-delivery apparatus, such as the Wand, should be evaluated as a possible means of alleviating the perceived pain on injection.
Therefore, this study compared a computerised device (the Wand) with a conventional syringe in terms of the pain of needle insertion and injection during inferior alveolar nerve (IAN) block injection.
METHODS AND MATERIALS
Forty adult patients scheduled for routine dental restorative treatment participated in this study. The participants were in good general health and were not taking any medication (eg alcohol or any analgesic medication) that would alter pain perception. Pregnant females • The Wand technique seems to be of benefi t during inferior alveolar injection of patients with low dental anxiety.
• Most of the patients preferred inferior alveolar injection with the Wand than with conventional syringe for future dental injections.
• The Wand technique not only lowers the pain of injection, but also eliminates the visual stimulus of dental syringes for patients with low dental anxiety.
I N B R I E F

RESEARCH
Objective This study compared a computerised device (the Wand) with a conventional syringe in terms of the pain of needle insertion and injection during inferior alveolar nerve (IAN) block injection. Methods and materials The subjects were 40 patients between the ages of 18 and 30 years requiring local anaesthesia for dental restoration in the mandible. Before anaesthetic administration, the patients' anxiety levels were determined. Contralateral IAN injections were administrated at two separate appointments with random use of either the Wand or a conventional syringe. Following the injection, the patients used both the pain rating score (PRS) and a visual analogue scale (VAS) to assess the intensity of pain. Results When pain was measured after the injection, the Wand was found to be less painful than the syringe for the pain of both needle insertion and injection (p <0.05). Conclusion The Wand technique resulted in signifi cantly lower pain scores during the IAN block injections. Most of the patients preferred the IAN injection with the Wand for future dental injections.
were not eligible for the study. Nineteen women and 21 men, ranging in age from 18 to 30 years, were enrolled. All patients were selected based on their need for restorative dentistry in the right and left mandible requiring local anaesthesia. The Karadeniz Technical University (Trabzon, Turkey) Human Subjects Review committee approved the study, and written informed consent was obtained from each subject. After completing the medical history and consent form, the dental anxiety of the participants was measured using Corah's Dental Anxiety Scale (DAS). 14 Pre-operatively, all of the subjects were asked to complete the questionnaire to rate their anxiety levels. A score of 4 corresponded to the least anxiety and 20 indicated the most. The basic DAS scale of each group was used with the aim of determining the patients with minimal anxiety. DAS scores of all the patients participating in the study were 12 or lower. The patients whose DAS scores were over 12 excluded from the study.
The anaesthetic agent was 1.7 ml of 4% articaine (68 mg) with 1:100,000 epinephrine (17 µg) (Ultracaine D-S forte; Aventis Pharma San. ve Tic, Istanbul, Turkey). Before any injections were given, 10% lidocaine (Xylocaine; AstraZeneca, Lund, Sweden) topical anaesthetic spray on a cotton applicator was applied to the injection area under both techniques. The 40 subjects randomly received contralateral inferior alveolar nerve (IAN) block injections at two separate appointments spaced at most fi ve days apart. The subjects received IAN block injections of articaine with epinephrine using the Wand Plus ® local anaesthesia system with a 27 gauge/0.4 mm diameter needle (The Wand, Tudor Health Care Ltd., Nottingham, UK) at one appointment and the same amount of articaine with epinephrine, using a conventional syringe with a 27 gauge/0.4 mm diameter needle (Ayset Co., Adana, Turkey), at the other appointment. Forty sets of IAN block injections were administered on each side and each subject served as his or her own control. The right or left side was chosen randomly for the fi rst injection, and the opposite side was used for the second injection. All dental injections were administered by the same operator. The dental anxiety of the participants was again measured at the second appointment.
The Wand injections were given according to the manufacturer's instructions for the injection technique, time of each injection and needle gauge. The slower mode was used during anaesthesia deposition, which took 100 s for the mandibular injections. The conventional syringe injection was given according to the standard operator technique used under normal clinical practice in terms of injection technique and time of injection. The traditional injections took approximately half the time required for the Wand injections.
Immediately following the injection, the subjects used both the pain rating score (PRS) and visual analogue scale (VAS) to assess the intensity of pain during both needle insertion and injection. The PRS has four levels of pain: no, slight, moderate, and severe pain. The VAS is a 100 mm-long horizontal line, the far-left end indicating no pain and the far-right indicating intolerable pain. The subjects placed a mark on the scale where it best described their pain level. In addition, the subjects were asked to indicate which injection technique they preferred after the second appointment.
Statistical analysis was performed using commercial software (SPSS 14.0; SPSS, Chicago, IL). Between-anaesthesia technique differences in pain ratings for needle insertion and injection were analysed using Wilcoxon's signed-ranks test. The VAS and DAS data were analysed using the paired t-test.
RESULTS
The mean DAS was 8.9 ± 4.1 for the fi rst appointment and 7.3 ± 3.4 for the second appointment, and these differed significantly (p = 0.002). The mean injection discomfort ratings with the Wand were lower than with the conventional syringe (p <0.05). For needle insertion with the Wand system, 19 of 40 subjects reported no pain, 21 reported mild pain and none reported moderate or severe pain. For needle insertion with the conventional technique, 2 of 40 subjects reported no pain, 29 reported mild pain, 6 reported moderate pain and none reported severe pain.
For the Wand system during injection, 24 of 40 subjects reported no pain, 13 reported mild pain, and 3 reported moderate pain. For the conventional technique during injection, 10 of 40 subjects reported no pain, 26 reported mild pain, and 4 reported moderate pain. No one reported severe pain during injection.
Statistically signifi cant differences were found between the Wand system and the conventional technique (p <0.05). Table 1 shows the results of the PRS during needle insertion and injection.
The individual VAS scores for the injections are shown in Figures 1 and 2 . The mean VAS for needle insertion using the Wand and conventional system was 8 ± 8.9 and 18 ± 16.3 mm, respectively. The mean VAS during injection using the Wand and conventional system was 8.5 ± 14.5 and 15.9 ± 18.9 mm, respectively. A signifi cant difference was observed between the Wand and conventional system according to the VAS (p <0.05).
Regarding technique preference, 70% (28/40) preferred the Wand injection system, 22.5% (9/40) preferred the conventional syringe and 7.5% (3/40) had no preference. Signifi cant differences in preference were detected between the two techniques (p <0.005).
DISCUSSION
The measurement of pain during injection can be quite diffi cult. Pain perception is highly subjective and infl uenced by many factors, such as anxiety, fear and past experiences. 15 The use of questionnaire measures of anxiety related to dental pain is well established and one of the most widely used for measuring dental anxiety is Corah's DAS. It has satisfactory reliability and validity and is easy to administer. 16 Therefore, in this study, Corah's DAS 14 was used for the objective estimation of dental anxiety, as in previous studies. 11, 17, 18 Specifi c procedures or steps in dental treatment tend to arouse anxiety. When considering dental anxiety in relation to the various types of treatment, anxiety was found to be the highest before root canal therapy, followed by extraction and fi lling. 19 This study examined patients about to undergo routine tooth fi lling, since subjects with minimal anxiety might be included in clinical RESEARCH studies to improve the reliability of the measurements of pain. 17 The mean DAS scores of the participants were 8.9 ± 4.1 for the fi rst appointment and 7.3 ± 3.4 for the second. Corah's DAS considered that the most anxious patients scored 13 or higher on the scale. 20 If more anxious patients had participated in this study, the pain scores may have changed.
Kaufman et al. 5 reported that the area in the oral cavity being injected was directly related to the pain and perceived discomfort. Palatal injection and inferior alveolar nerve (IAN) block injection are more painful than local infi ltration, mental nerve block, or periodontal ligament injection. 5, 21 However, the IAN block is the most frequently used injection technique for achieving local anaesthesia during mandibular restoration and surgical procedures. Therefore, we used the IAN block injection to compare anaesthesia techniques in this study.
Topical anaesthetic is the most widely used method to reduce pain associated with dental injections. Most patients are accustomed to having a topical agent applied before injections and they can taste and feel the effect on their soft tissue. 22 However, the clinical effectiveness of topical anaesthesia is debated. 17, 23, 24 Topical anaesthetic can increase the subjective anaesthetic effects 23 and can serve to reduce the anticipatory anxiety associated with dental injections. 25 The use of topical anaesthesia is optional, according to the Wand manufacturer's instructions. We used topical anaesthetic for both techniques, since the psychological effect of using topical anaesthetic may be important for minimising patient anxiety.
In this study, when pain was measured after the injections, the Wand was found to be less painful than injections with a syringe. According to previous reports, the Wand system generally seemed to result in less painful injections compared to a conventional syringe. [10] [11] [12] The Wand provides comfortable anaesthesia for patients and can be a good alternative to conventional manual syringe injection. 26 However, discrepancies exist concerning the effectiveness of the Wand technique. Sumer et al. 11 reported that although the anxiety levels of patients were higher with the Wand technique than with conventional syringe injection, the Wand resulted in lower pain scores. Conversely, Goodell et al. 13 reported higher pain ratings with the Wand system, while Nusstein et al. 17 reported lower pain ratings during anaesthetic solution deposition using the Wand system, but similar pain ratings for needle insertion. The different results across similar studies may be attributable to the patients, operators, or injection area.
One way to potentially decrease the pain of needle placement would be to advance the needle more slowly. 4 The Wand injection system creates a 9, 21 In our study, the slow rate was used for the Wand local anaesthetic system. Therefore, Wand injections might be less painful than syringe injections for IAN blocks. Unfortunately, even with these techniques and a slow deposition rate, needle insertion was not painless.
Previously, studies reported that the pain can result from the mechanical trauma of needle introduction into the site of injection, or from the sudden distension of the tissues resulting from a rapid discharge of the contents of the syringe. 12 Since the Wand handpiece is held in a pen grasp, it can be rotated continuously during needle insertion. By rotating the needle 180° right-left between the thumb and forefi nger, the bi-directional rotation of the needle and the controlled slow anaesthesia deposition rate would reduce the sensation of needle insertion. Therefore, the differences in pain perception during injection administered with the Wand and the conventional syringe may be both the result of different techniques and as a result of the slower injection of the Wand. Furthermore, the results could be infl uenced by the operator's experience differences, their skill in giving injections, the learning curve associated with the use of the Wand, and types of nerve blocks. Therefore, the clinical significance of the results of the study should be interpreted with caution.
Regarding technique preference, 70% (28/40) preferred the computer-assisted injection, 22.5% (9/40) preferred the conventional syringe and 7.5% (3/40) had no preference. Signifi cant differences in preference were observed between the two techniques. Most of the patients preferred the IAN injection with the Wand apparatus. Similarly, Nicholson et al. 27 studied maxillary injections and inferior alveolar nerve blocks in adult patients and found that 50% of the patients preferred the computer-assisted injection, 20% preferred the conventional syringe, and 30% had no preference. The Wand technique not only lowers the pain of injection, but also eliminates the visual stimulus of dental syringes. This may be another reason for the preference for the Wand technique.
At the present time, the dental community has been slow to adopt this technology, which could be attributable to several reasons. The expense of buying the new syringes and disposable attachments, the length of injection time, the need to change work routines and the additional space needed for the device remain limiting factors. 28 
CONCLUSION
In conclusion, the mean pain rating was slight or no pain for both injection techniques. Overall, under the conditions used in this study, the Wand seemed to cause less pain during the IAN block injections. The clinical signifi cance of the results should be interpreted with caution since we studied a young adult population and our results might not apply to children or the elderly. It would be benefi cial to compare the Wand across multiple operators and a broader population in the future.
